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(57)Abstract 

PROBLEM TO BE SOLVED: To manufacture a voltage 
controlled semiconductor device of high breakdown 
strength, low on-resistance, and low noise by forming a 
gate electrode and a second electrode for a 
semiconductor substrate, respectively, in a surface 
voltage control gate semiconductor region or gate 
contact semiconductor region of either first or second 
conductivity type. 

SOLUTION: An n-type SiC drift layer 2 of low-impurity 
concentration is formed on an n-type SiC drain region 1 
of high-impurity concentration. A .rectangular p-type SiC 
embedded voltage control gate semiconductor region 5 
is formed in the region at both end parts except for the 
central part on the upper surface of the drift layer 2. 
The embedded voltage control gate semiconductor 
region 5 and a p-type surface voltage control gate 
semiconductor region 1 6 formed over it are connected, 
and a gate electrode 23 is formed in the region 16 and a 
gate contact region 6, respectively, with a second 
electrode 21 formed on the opposite side of the drift layer 2. 
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[&«Flf£©SSB] 

m$m i ] mi ©sms&tfig z ©»ns©rt©t> 
wtaL&tf jb 2 ©»TOort ©v^*i*»-36fo k y 7 f 

Ms 

we f y 7 hmwmo-wsNcB&Lit* % 2 omn 

K.y 7 hjio±ffitejgj«bft» i ©ussstfat 
2 ©*«s©rt©i,vf n^-*©«f^sttf@«, 

t> MEfSft^Sfltj&sbft, £2©9«s&tf£i 
©*«j©rt©ir-»-fn*»-#©y- ha>» F#$f* 

ML 

MEffi14fgi£©3tfflk:J&£LftSg 1 ©»«!!»«» 2 © 

»^!©rt©i->-fti*»-*©iii <D$mtffii&, 

MEH 1 ©¥9flmclMLftJi l ©m 

we?stt»«©«fflfc«j«Lft, ss2©sits&t/sfn » 

MEiEESEfcJSpy- y- hny^ 

i&LTzmz ©®i£'j>fc < t %mx zmmmm^mi* 
mm. 

fix 

ti5IB**{*»fi©±»cJgfi£Lfc, ffiTffi®i*S©Ml © so 
MB© K II 7 Ml* 

huis f y 7 f ji©8ffi©— swfcjgtfLft, g 2 (omm 

S©Sftii*«ESiJffiiy- h¥*ttttlfc 
MESfeji^SESJSy- F¥3K*3UsE©±E»cj&£l, 

rem 1 ©w«s©s ^sneas, 
tOEsa&wiEKwy- h^mwmmm^m- 

T> MESttSfiSrtfc^figLft, JS2©»*S©y-F 

f()E»ttm©ittMi«©«9(c«jeLfcji 1 ©ams 
©y-x®« x 40 
MEy-7®«fcJ&a Lfty-xs<& 
WE?Sit«U*©fflite»J«Lfc, S2©HHS©^ffi^ 

smwr- hwutmsL . 

¥H#»g©, ME F y 7 h»*** *iii©E*tiiteJ6 

[■#B3] MEV-X«*«\ MES«&#«EM 
»y- H¥SI*iWfcSfr5 J:^ lcjgj«LftBI*5l2E 
g©^EOTa^SI(*gBo so 



[m&h 4 ] MES*ii#«Eiwwy- f *mmm. 
©2«©we f y 7 Firttc tufgy- Fmstjggis 
nfcffi©Siiji*iiE*jaiy- h¥««Mw««AL^ 

s«ESusiy- h wi«wK©±ffiaif y-x««©± 
ffi te mat ltz c t «mt t f s 2 eschew 

[f§#JS6] ME F y 7 Fif ©S®©s tiJESfeji* 
*EWaiy- F^*«:S«©ifi«t}Bj£UfcM2 ©3IH 

SiJ©«»3i*flE$Jffliy- F^*»SS«©'>* < t 1- 
»tR»6*u froWEnHt«W©ifi*fc}Bj«Lfc» 1 
©««!©y-X««%JO£flii*l||*«2E«©«E 

[R«91 7 ] Si ©*«9©«7>6Miltt©¥«(4« 

ME¥3fcg«©±»cjef£Lft, tiFFWIMUt©* 1 © 
*«S©Ky7F», 

ME F y 7 FJf ©^ljlc % 0f^©BBB8%S»T}g«L 

ft , m 2 ©«ras©a»i&»«EMipy- f *m#m 
Mea»ji*«E«!»y- F*MK*««©±ffi©-a$# 

%#*ME F'J 7 hJlOSSlc^jaLAJR 1 ©3Mti>© 
MES«>^*llEMffliy- F¥*#SHs&©±ffiU::}3^ 

t» iMfflStt««rtfcjB*Lfc, ^2©nms©y-F 

ttG4S1£MK©SSlc£j*lftJB l ©iMS!©v-x« 
MEy-7®«k:^Lfty-xa@. 

MEi£14iH8©-8P©*ffiU:JBj8 Lft. 31 2 ©3*®SJ© 
^SHESiJffliy- F¥SIM*Si«, . 
ME«ffifSE^J®y- F*»»«tt(HB*tf y- F s 
^F#»»^«fcJgfiELfty-F1lffi, KtfME^SW* 
SS©. ME F y 7 FJi£W-r3ffi©RftSKJ&£Lft 

F W *5mEfOTI!#»{*ggo 

8 ] ME?Sfi^tS©**a5t'>* <tii^ 
©S 2 ©W«9©i|MMtflM«£ttfc c i: ®L 1 1 5 
7 E^HEfOTS^ttUBo 

[!S*99] S2©««S©X7M«aft©¥«f«:.fi 

ME¥*ttS«©±fcJgj£Lfc, fS7F«®i«g©m 1 © 
**S©Fy7 FM, 

M!5 f y 7 Ym<o3ffi<mmms&\cfci$. t ft, m 2 © 

$SI>©il«>&#t!EiS!lffliy- Ffi^H 
MEa»ji*«E»»y- F**i*filS©±ffi©-8B» 
%#*ME Fy 7 Fii©^^iiigE©^ffit^figLftS 1 
©*^©»#^JStt«*, 

*ffiffitt«*©W*»«*fc»SLT}BtfLfc}!l ©* 



4588 2000-2524 

4 ' 



* h LT»«Lfcy- KM* StfstE 

m#m io] ^1 (ommm<o»^m^m&(o^m^ 
ttE*a&*«EE«wy- h*m#mmo±m<D-$>% 

%^*S5IB F 'J 7 b Jl<!»f j*HIWO«Sti:^jA L AH 2 20 
©*«S!©« V ">gttflS«> 

IfflESHHBWOPiJiaMiWfcWft LT»« Lft* 2 ©n 
*g©7y-F««> 

MEa*&#«EMwy-- b*ii#si«<o±®©iO«i 

te, »2©*«S!©y-b3V**b*W{MMU 
ME77- ■Fttt&c»LT»J*Lfc7V- FM 
ifJEJStt«l«atf b n > * * b ¥9fHHtt©*@fc: 

30 

B5IB*BmE»^- b LTJ&SLfc 4* 

- b «& &tfME¥9ftSCO< t9E F y 7 b 0* * 
f 5ffi©R»ffifc»J8Lfc*y- FWKWtttEM 

01$* 1 1] •■|MBJB2 0Ji«a!oy-b3V*i'b 
i|s«#««i:!ll©JII«a!OV-X«Wi:0|IBt» S£ 

«**^i-*cfc*4«i*sii#«2ft»s 1 o©v> 

[H*9i 12] WE b*y 7 bMWgffiKfc^TAtffc 
MB, fttttWBa»ii*«E«»y-b*IW«l*0± 

(DtttBBttflWrticSAsnfty- bay** hwn* 

=frr*B*B2fr& 1 0<D^-fnfrfcE«©BfflH»S! 

CM«ai 33 (WBy-b3V*^b*»i«««*, 
BEV-*«Bfc«*S*$fc«BUfc«*B2fr& 1 

grsb 1 4 ] lijffiy- b 3 *r b ¥Btt«Bfc* 
iuEV-X^«tMfr-r5J:-5fe:^LfciB*S2^e. 
1 oc^-fnfrtEWOWEtWSiWfWSIl. so 



[n*^ 15] mi <omvsvm?Fmsmgt.<D¥m# 
m&v>±.\c&*mmmmvm 1 ©*ms© f y 7 b ■* 

aae f y 7 bs©ss©M»ffi«<c^ 2 ©*bs©s 

mim>&*n.mmv- b¥»#siB©±H©-8i!# 

«^#ME F.y 7 b/l©**SiB©i»Sg 1 ©#HIJ 
©WtriSttKBfcjeB-r**^ » 7", 
t5Elf «>ii#HEi«8py- b¥3*f*ffi«©±S©4SS3Sffi 
Btefc^T* S«B}Stt®«E«a5»cft-rs«);3fcm2©ll 

7. 

NGSttffiBOBffiflfttoBfficg 1 ©IMfflDV-* 
BIB*J&SfSX-r<>>7\ 

Mev-XBBteBLTV-^Bttfcfcjaw-SX^y 
7, 

ti>e?£tt«B©Siiilcg 2 <D««!o«inEMIpy- 
b*|MWWKB«eB*r*X^7\ 

151 mmwEEPw?- b ^n(*^«Ryy- b 3 > * * 

&tfM!E¥«<*S1£©, t5EFy7bl^-rSffi©S 
WBtc F W VBSfcJgJjH- S y 7, 
*«* 5«ffiM»M¥B(*BB©8Bim 
[IB^ll 6] BBBBOffimiCs 2B«>¥«{t£ 
BfcBWteBB U ao#^(«MteaStt aifc ^ * 
- F*»«LfcB5Uaa#*s 4>* < t fc 3fl»«l,fc 
«;rjg&8BT'feoT, 

luE^Wft^Bt. H#Bl4V>Ll 4©l>?*tlfrlcE 
[0001] 

icwts. 
[0002] 

HE*©SSSJ ^^fct^Sfc *©«*©¥*{*» 
■ttTttx Si (s/yay) S!©/<7-¥*i*BB# 
{£J3£nT^5tf, S i ©B«tt ! BflI« ! 8 l £©PIf?fr& 

2. 9 5 3 . 2eV ©x*/l/^-*> -y 74J#0 S i 
C (%mm tffcS. COS i Cfcffl^fciWIfttHI 
©8f*W«riai 6*J;tfHl 7tc^-r o 01 6tiS i C 
SSSSW^S b 5 Vi/X* (ACCUFET: Accumu 
lation Field Effect Transistor) ©Bf®0T'$ 0, 
{ftj^.(f;&i£ IEEE Electron Device Letters, Vol.1 
8, No.12, December 1997tB8^SnTV5 0 Sfc01 



(4) 



#58200 0-2 5 2 4 7 5 



7«S i C»WB*Sb7y$>X*©«rffiH?*0» £ 
ffi. Proceedings of IEEE International Symposium on 
Power Semiconductor Devices and ICs. p. 149, 199 

[0003] 

i%mw&L&?t.?zMM} mi 6tc^fs i cm 
aawMMi k^v a, y- k g (DtEwe* 

w^atiftaiB**^*. b*»LMOS.y-M«3B-C* 

y- h&tiai i o 4 vsvMiiHwrnK? » 

©&©©KEB*?n kVttTfcfc^SoTVS. 
[0 0 0 4] 01 7lCjjVf S i ClMt6ll*S!r>7V5?X 
*«y- F G fc»w-*«E*8*L4V>fc*7#ttteT? 

T'tli^t^ffimfflbitzo Ell 7 IcjjVf #T?« 5 k 
V©*7KE£*3i-f SfcfefcJiy- F G lc 8 0 V«± 

fcgF5V5?X**B»L4v>B$-t*fcl 0 0VSSO1S 

■o , «y-hGfflo«ffi«r»4tT*6»4wntf*e>fs y 

[0005] *>fiia»cMbT^ ai 6t^-rs i c 
sffisawas r-^ v^^iiMo s y- h«ii!gr*-r 

SfcfclC* y-hSS^l 0 4tS i CnSf-^HS 
US 1 0 3t<Ofmfr*ft£Z&&mr&&&&t2>o *<D 

m 1 7 tc^t S i C ftttftVS h 7 vs?x * T-ti, Uffi. 30 
jBSfc45y-HW<1 0 9M1 1 OOHOf-**;!' 
1 1 2AtfnSF.'J7KS«l 1 2 0M;^eirt(i:fiE 
S-r5fc«6tcy- F G ©SE£ffi< LTiSME^^Ef L 
«fc-5ff3t, :f+*/M 1 2 A£SDf§fc!K< L*#n 

[0 0 0 6] Hie, /I'XfcBILTti. 0) 6©S i C 

wsmmto* h ^ y->*x * «M o s y- F$jg££f 
« i o 3 koiiffitJi^ais/MKbwwE-r*. *o « 

[0007] BffiET-^ygfit • ffiZ-YX 

£7^F*+-yX#ili*gB£ttgi£U y- F«E# 
■fe-n (/-^y-*7Je) fcKttffivMtE-eOBE* 



[0008] 

[^^8?}*-r5^»<D^s] *5m<D*E&mm*m 
ftssiis ^io*assys2<D3iasj(DrtOv>-rn 

±&&j$,ltz, &wmm&<of£i<DmmmiBLumz(o 
mmm<Dft<D\,^imii>-i3<D f y 7 f b, mm f y 7 i« 

B©*BS©-»#te»J*l,fcv »2<DSIffiSSy^l o 

»ng£Drt<D^-f n*^-73<oa»ji*taES'jffliy- 

WttSWL iufBS46ii*liE^Jffliy- h¥£fcffi«©± 
SfCJftSLfcJg 1 <0««iiB:lfB2<DS|1tS©F , 9©v>-f 

nfr-arowv-ratti**, Wf2a*ji*aE»j»y- f 
^2o»essu : ^i©si«s<Drtot^-rn^-* 

©y- F n * F f3l5S148i«©l>SHS5f§ 
©^•f n*>-;£©fg 1 ©¥*(tffift. flOEtfl 1 

bft, S2©*«s!&ti f *i<Diiita!'Drt<Dv>f , n*>- 

^©^SE©Jj»y-F «3fB«M18ESiJffli 

y- b**ftss«st>'y- h3>^» F^tiifMwic^ 

E F y 7 h®£Wf 3ffi©R#D5KI&«L*:Jg2 ©US 
E^Jffl©i|i5l^ilB«> JVlOtraSOXTMIIMUc!) 

jgg©m 1 <ommm<o f y 7 fji, toe f y 7 

ffi©-»»fc*«Lft, ^2©»SS©S«)>i*mESiJ 
»y-F¥«WM^ «ME«iWi»«E»!Wiy-hiWi 
»««0±ii©HB»*^»ME f y 7 F Ji©**®« 

J&ii#«EW»y--h*»fM(«©±ffiK*v>Tx WfS 

}Sft«itSrtic^fiKbfcs «2©»as©y-F3y^^ 
f stf y- h 3 * * * v m£m&m®o® 

»«l«©«ffilc»J«LftJSl©*«!©V-Xfl«(U bu 
CV-X««k:JBj«Lfty-xmL BuE?SttfStgE©S 

aB©-»fc»«i/ft> *2©»«sofflB«EWiiiy- 
F*«f«wfc «nE«ihtEMipy-- FiWi»a«&tf 
y- h3>^» f ipn^wiWfctnJFiugjs L^y- f 
mm. atfWE*»#«s©, «iEKy7Fji*#-r* 

ffi©S«ffifc»J«bft KU-f >«i*«**. 
[0009] ±3©<fc 9 it, if t^?S14Ji©±T©*ffim 
EW»y- h*IMM*«*£*»i&#*EMWy- F^SI 

- *mm<oimttim&Efcmr- f * d t<sffi§t« 
bet *c£fc:j:D> »BE««*sm*a. s®m 
Emm'- h^mmm,*?* f^+ -y^^n^^T- 

^fiSt-r^c tic* Dftv-^IKttVfflcttJS-rsKHE 




zmmtmn&.&m>f- h¥WMM«itn^ 

BEIIBWI6M. 

[ooio] *$m<omm&<onE$mm*m&m 

it. jg l ©**i!©irra«j»fi©¥*ttSfi. ME¥ 
3|{*Sffi©±fcJ&£L/'c, fi**MMtt©iSl ©8JSI! 
OF»J7M» MEKy7hJiO«ffit. JBSWfc, M 
2 0»«fflO«aWi*«EIWW-h SulE 

*MIE F'J 7 hfl©£ffifcJBJSLfc& 1 ©3*«S©ii^ 

tg2©sj«s©y-F3y**F¥ti*fcffii& mass 

& WC*»»«EO, IMHFy7M*«T*ffiOE 

coo j i] zzk. »^sit«*©?Pft©y-x«s« 

*©J^tf^«EIW®y- F¥*{*8j«©£B<J; 

»y- hi|i#«:ffi«©HSfctty-x^«©ffit^ffi« 

EW»y- h^HK«B«0(tO|IIIK:JStt*l«tBB«0 

&#©fiSitf*ffiteffi«Sfts©T, c©v-xgst© 

TV - Xffi«<DlSffi«rfi^ffiBTmo«gp*'*asaES'J 
SPY- hS&SBt l^fitSfc* « <fc o £ LT C ©¥3<*®i£ 

[0012] *mi®mwi&(onfcffl®m¥mtmm 
© f y 7 fh . me f y 7 >■ ji©«Bi©-a*:jgj*L 

fc. £2©*^©g»&#^*flSpy-F¥*{*8l 
fu£a»ii#«Ei^y-F ¥*#&«© ±®©- 

mztttm F'j 7 n<o^s»c^Lfcs i <»mm 

SOSft^SttfMt ttlfflitt«Wfc»«LT«*Lftli 
l©HSl!©*y-F®8, HuES*ai*«ES"J®y- 




(5) KM 2000-252475 



ne*y- Kf»«c»j«Lft*y- Fii, nesttiH 
fg2©**£©affi*Eiw»y-F#3M*swfc tusn 

yiOIE**tt»g<0, ME F U 7 sacs?* 
ffite**bft7y-F«R«*S. *©*WHc.fc»>« 
I^ON«$ii»iBE#»&*i5. ' 

[0013] '*&fcaffi*Ewy->¥«fl«w«s 
*«©)sae«««ffi«E«wy- h^voiiRttoticBJ: o 
a xitzmim&z* wc, #}SjiScT'«gEiis 

ES>Jffiiy- F^*{*SI«»fieKOffi«»cJ; 9ift**tiStt 

*v-F«*ta«>ji*«E«iwy 

- FiNI«:fSi«tOMSft««ffi«E*J»y- F¥£# 

zt)\ *y- Fffi«ocs«tss«Eimiy- f¥*# 

5fcLJJB©^ft«**«S*ci:te*»>IM»©$S 

[0 0 14] #%W©ft!!©Sl£©SEfli<JW3!¥3ifc3S@ 
14; 01Oi«9Of^iKiD¥9#ifiv 1MB* 

JW*«so±t}B* bfcx <HF»MmA©!i 2 commm 
© F y 7 FJf s IQG F 'J 7 FE©£ffi»c, ffij£©wsi* 
.RPTlMlfc. ^l©*«S©8»ii»«E*l®y- 
F¥#f*gi8> MESfc&*«E«OTy-F 

©±ffi©-si5#£-§#fui5 F*y 7 Fji©&Bfcjft«Lfc 

30 *2©*«£!©?gtt1K]fc M2S£f!f!«©KJgbTffi5fiE 
bfc»2©»«ffi©7y-F1W* IfflEaUb&MEm 

»y- FiWiHHWD-fcffitefc^Ts IWB7y-F«« 
tJgfiEbfc. m2©H«S©y-Fnv^^F^«:^ 
*)E7y-F«*te»J*l,fc7y-FWfc MES 
ftHiCRyy- F 3 y * ? F WH«0«Sl!: L 
fc, m 1 ©H1tiJ©*SflE»Jffiiy- F¥3|{*®«, h5 

iBSffiSE^y- FiN««i(*fc**ufty- Ftt 

a, RlTOE*»f*«EOx SijiEFy7F^^WT5® 

os«ffifc«j«Lfc*y-F««*«**. zvmrnc 

[0 0 15] *%W©mEKffllS*3l*ilS©SjS^!£ 

a, a i ©*as©ii ^m&i8fi©^*<*s«©±fc« 

TMfWUEOff 1 ©HI8S© Fy 7 F®^fiEf?.Xx 
•y 7. Idle F y 7 FJi©«ffi©M«5SBiSfcm 2 ©H« 

a©«»3i*«Eiwy- y^mwm&zB&tzxT 

•yy> WE«»5i*«E«Wpy-F¥4i(*a«0±ffiO 
-SS»**#WE F'J 7 F®©**SUg©gElc|g 1 © 

»tts©iiitffl««rjg« , raxTy7', mim#>&&m 

so tt»t«2«!)W«ffl©y-F3>*^hi|i««««*}g 



ftff^¥»fttH»D* tOEFy7Hi**rr*ffi 
(DBHffic F WVWW £ Xf y y*{Ix. 5 . 

[0 0 16] 

[ooi7] mi mmn m 1 &#^<djs 1 $mm 

1 Oi£feS-|ftfca»fl»BUT««'rsc tfc: J: 
5, *S«OS i C«M!«IBBaih5V^>WWI 

35 0 /xmO, Jf^>fi1*aiJt©nl!OS i COFWV 
1 <D±tCj? * JKJ 50/i mOfiWIWttOnlO S 

i c0i*y7bB2 3wertshT^*. bioh-iiw 

ffiBT«SB2tS-r<fc^^ FU7hJB2<D±E<D* 

^*»<iSii»o««fc**»opas i cos^si 

JPSOSSSffittO. 7/imT*S^ 0. 3fimH 

h¥$#gf$5<D±S, fttfFy7hl20«B»fcn 

0. 7fimT6«. S1t««3©ff£li0. 2/imfr& 
3. 0MmOBHfcfetitfJ:^o SttffliS 3 OXSfflB 
©ffiflBBWcli, y-X«S2 2fc8««tiT^SnSS 

i coy-x««4#**if r «ej«snT*D, ^<o/p 

2&0. 2fimT**S^ 0. l /im^0. Sjimg 

[0 0 18] nffly-X««4l:na!gtt««3i:0« 

tt««3 fcOS^ffi* DffiffiBO F W Vffittt 1 Kifi^ 

514, nSOy-X««4 *0 1 fi mS***»'\ftlB 
LT^SO««fl*L/^tf. 0. 5 [imJKJ^fflLTVft 

«5©MHti2/im*«KBT**S^ l/im^l5|i 
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10 ' 

twrawtejaastu , g*3i#&EfWffliy-h¥*{* 
mmit. 03fc^fj;dic, y-xw*4fr&m£Br 

So nSV-;Mi*4*l*<nffl©JStt1IW3±fc»J« 

s nft p mtmwmr- v 7 1 a, y- 

[0 0 1 9] *SaaWI<DS^&i!«flJa«b7V5?X^(D 

»n^fo-«*, 0 5 Rtsm 6 owanftflb^TfiM 

20 -TSc 05© (a) fc^-fj^fc* $f\ nfOFW 
ftT«IIWSJP«»3 5 0 MmOnaS i C 
g«±fc^ ff?&5 0 /im©ni©K'J7 bg2£xtf 

(b) »C*f K»;7hJl20«f*«*l»^Tp 
S!©g«>&#ttESJ»y- h^SH*«S«5«r7 , ;l/5-'j7 
A^O-f^Vfl-^ji^tciO^-rS. S5fc05© 

(c) fc-jSTJ:^ |"J7Hl20>ftl&ft2:l|ibi&& 

heews y- b *m#mi$, 5 o±t »^ n sosttflw 
3*iBS-fs. ^lt0 5© (d) ic^-r^^t, Mas 

if^ piiSffilSEOTy- biNMMW*7 *IU 

[0020] ^ic, pS^ffiSEKpy- h^^titi 

ILT@6tD (a) K^f ± 5 tm3EO»«0«ffi«E 

•wy- 7 y- h 3 ^ hmm 1 6 

c ©aawfflww- h 7 &tf y- 

7^>tJ:D. 06(0 (b) t^-Ti^t, nSV-X 
ffi«4*Si^O-f*yiT*a«« J f , J6ll[ffi*2t * *> 
&f$.?Z>. nSV-X®«4tt i g'-fbfepSy-h3> 

06© (c) t^-r*9tc, P s*s«EiK»y-h^ 
7 ms?- hn>?t h«sm 1 6 ©±ty- h 

H2 3»It5. SfcnSV-XfiW*40±li:V- 
so .[0021] *^MiJO S i C 8£f!«9l*ft& h 7 
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X*T'tf, FWyD«ltt#y-x S ©BffcJ: «?ns^ 
ttttT, y-hGfcy-XSHCBfltfcOVfc-fSfc, 

P sgji>ii*affwwy- f 5 stf p s*ffi 

n 3 © Jg-&S5fr £ if ;V h yilEKttfS Lfc: 

S 5. *■©*§£. V-X S t F > D HCBJfr&BB 
tacitf?*/— TU*7i:*«. nSy-7®ig4 

©gtE% p s^ffi«E*wy- h m&tm 7<»m& 

t>t>ffiVM4B£«#LTt,'>£©-e> nSV-X«lS4 t 10 

[0 0 2 2] KH'yD©Bti%y-7S©®<4<J:»?& 
<U jboy-hGtc, y-7S fnf;V hi' 

$#318 7 ©R8© n 3 fl©£;£/l « < 4 

So SStli K W>fr£>K p3«i£j&#SE&JS>y- h a 

im&ffl&5(D®itm*). n%m&mm*m. y- 

XSlCgm&ty. 2|E||fifi0!IT'«nSy-X^4*nS 
SlS^iS 3 t-b;V7 7^^ <k 5 ^fiEUT^SOT*. 
*W J T-^-T p S^ffi^EMffliy- b 7 ©S£ 

fcnS©¥*^«##£L4V\, cnicJ:t>v nlV 
-7.«#4©< nS£ftfg#3fcrtS«©iiffi«15#© 
£$Wi>S'>U So tLnSOfi* 

^«tf#fi-T 5 t / -<ZM £4S c t %1fflmi,Zfl^K 

/'TXfbt^T^S. JEKU nav-XSW4 0, n 
SiSftSi# 3 fc#T Sfcffi* pS!«ffi«E«lpy- h * 

AM 4 ©T© n 2 JMlttMKtflV < * 0 Bfc* ytttt* 

[oo2 3] c<D$mmtom-e;mQft$hm v^i/vx* 

©BEI4fi5. 5kVT-*S„ *Vg$ili, f-YWS. 
£2. 5 Vfcbfcfctx SKJ 7 5mQ cm 2 fc##£{6<^ 
BTfcnfc. /^Xfe 1 0 - 9 WH zJWTfclfmtffi 
t^TPftofc. Sfc* y-hG©y-KmE5rkT;l/h-Y 40 
y^E (S i CT'li£j2. 5 V) J£rF©ffifc-tSfc«K 

y-hGttt^ai©SJifc*s*«iL*»isn-fx sib 

t4e>4H§£T*t>, /Ml->y-hBET*pSa*ii* 

msxwf- y ¥-m#mm 5 sd* P saBBEWwy- 

h ¥>*{*fgigt 7 1 n 3 i: £22B 

nSStt««3tfi;yf*7LB 
»ti*?:fi<«l^-DOBBE**^T*t5o 
[0 0 2 4] **SfiWt?«, nSy-^«4*-b;l/7 so 
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y-hi|iii{^«7«Sfflf:.n^!y-xB«4ffl»©rat 

nS©*IW«W*WWEb*l"'. cmc* 

fiW^tlS. Sfc* 05© (c) £05© (d) ©I 
gtej£lcLTfc<U\> *B5fi^atHtT«*^©* 

js^ates c 1 4 < sa©gygtf;c'£ 5 fe©-efeSo 

[0 0 2 5] <fg2HfiSffl> 07tt*38iB©!fl2*fi60!l 
©J&&SBIM&B b 7 * ©-b y* V h ©»r®0T* 
$3. B7te*Jlr>T* *2*ttffl©S69*JlttJltl»? 
V5tt*tt« nffiy-^«W4««na!ISttiM*3*JKi 

7«i« 4 1 p sa©a*«E$>j8iy- > *mtm& 5 © 

Wc li n 3 L4V\ *©ffi©«S$«B 

l*S50lJi:|BlUT-$5©T-«^-rS^Wtt^ilS1-S„ n 
S^-XB«4ipSS©3£#BEWWy-b¥*f«B . 

fco £7c, nfiV-^W40#«W:*l«^ V- 

fffl©^S!*lia*R b v >-7X^©iaEa^ 5 . 3 k V 
T-S-So y-hmE5r2. 5VtLfctt 

Ji)6 5ir.Q cm^jjD, <Sl/>ffiT'$>ofc„ 7l'X<i4 
XI 0" V 2 /H zWTtffil6Tfif 4jre*ofc. 
[0 0 2 6] <|g35!8Sffl> 08 *5IW©^3*Sii 

t?ij©s i cg^sii^mb^^yx^©*^^^© 

»fffi0T'*S. *^SSflT'tt, 07tc^-rm2^SS«?!l© 

g-^sn^^s h^v-yx?©iso-&^iSpSJs«)ii* 

«EfJffliy-h*SI«:®*S5©Hk:, pS©M2Sftii 
Saa*oTtJ:^. 08© (a) ©»fS0 (b) 

r«t7tc, ^2S*ji*mEfjaiy-h#^fs«8a 
0©<t 9 1 P sii«)ii*y- h^n^ins 5 1 pssus 

tew© © t ibi UT*ig> s©T*as-r sgiw ii*«-r s. 

^-y©^tcii, JB 2 «»3i*«E*Wy- 

8t nSK';7hS2 t©^&aJ^e>, pSS*ii*tl 

EMwy- h*m#mm 5 atf fw 1 ©#rtt 

SSS^IE^S. ^n»C«fct) S i Cg-g-SS^Sb^ 
y^7.^©S5BE[k^0ns. ^-y©B#tctt. ^2 Sfe 
ii#BE«Wy- h¥»i*®«8 1 pSfilfeii^mESJ 

giy- h iftas^ggts 5 £©p^»cSi!fE©aKt4sam© 

fe©T'ti. BEtt6. 2kVT-j55, ^gJili7 8m 
Q c m 2 T*feofCo 

[002 7] <S4*SEi^J> *SBJ©^4*6S 
giJ©S i CfimSI»Sh7yv 7 7^©-by^yh©»iS 
0T'feS. **»B9t»tt. B2*SSf»J©07t^-rg^ 
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m&ntm yVx*© pi*ssE*jffliy- 

**nftiStt«*3 0(B«:* / > , r*« ±fE*S14^«3<D 
5 ©BBBt>»<t""SCfclc<J:D, WE£fRj±T* 

[0 0 2 8] »«ffl«ffJtt«h^y^X#Ttt. *VB* 

ffi«E»j»y- b^w^«7Rt;pSSi6aE*jffljy 
fcfcitu y^xJSft*/JvS<T#*o «i*»*>ast 

KSft? pl!S«>5i*«EEW»y- 5 OH 

H*JE«c»<-rscf:fc<fcD^ *7BftepS!S«>&#« 
EIMW- h 5 tnSFU7bS2 

ft, HE&6. 2kVT\ *V»tttt4 8mQcm 2 T 
[0 0 2 9] «5jttt» Hi Oil *J8BI0JI5* 

SfiH«30**«fcpSS*9*8»T^5o ^oflfi 

WPy- h ¥*#SB« 7 £ n SSttilK 3 Oltft^&S 
tt««3rtlc22Ji^l£#S« S6tepS«W9fcnS 
SttlB«3fcO»ft»fr6tS£*fl s l£*Sft», 

7fc-rscttf^ s i c»WS»Sh9yyx*o 

fflBEfttfHft*. *HSS^Sd> BEt4 5. 9kV 
T\ ^VgJati4 3mQ c m 2 Tfeofc 0 
[0 0 3 0] <*6*(tW> Bl 1 tt. *5HBO*6* 
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mm<o s i c jgfciMJWMUM y v h © 

»fS0T-£S. Hfc6^.T % 7/-FWR1 1 £LT& 
fiTf S 1 0' 8 frfe 1 0 20 a t m/cra ! iOWtl{llS 
©pSS i C©g*g£, 10 ls *«5lO lf atm/cm 
3 <0®*Wm&O nS KU 7 Ml 2 te 

<t d j&s-r So k y 7 h m 2 ©± t tmm 2 garni© 

* 5 H»teLTnS8SttH«3» p^y- 

10 «fNWt7. 1 6mFnao*y-FfMi 4*m%.m 

- Km 25, P mmummv- v *mwm 7 , 

g^S. H&fc, 7/-K**l 1 £7/-F*ffi2 4 

[003 1] Y-hGRtffcy-FKfcOVfcU 7/ 

— FA ic £©*£*»*«- 2 1 x p sa*ii*aE$ij® 

h 5 Rtf P £*ffi*EWIB>Y- h 

S„ f— V GRXfftV— FK%0 V t U 7/— FAlC 

ftcmE^EPAn-rst, pffi7/-F««i 1 tFy7 

•TSihtEtt^ftC*. Lfc^-oT, :**&£#!© S i C 

So 

[0032] 77 - FA tc If )V h ■< V«EW±©iE©« 
so E^rEPiDU y-hGfc*V-FK*S*fcbTtf;l/b 
-YvmE«T©iE©«E^ffii!in-rsi:, pSS»ji*lB 

7iOPIOn SjSftfSS 3 rt©22Ji©8HStf 
«<ftt)x 7/-KAfr6» BSti#-5MpSffiJ63i^a 
E«»y- b iNW*«« 5 ©F^^rii *> , n SiSttffitt 
3, nI*V-K««l 4%S1T, *V-FKt2*« 
awatn*. C ©B#. p M7 / - F«* 1 1 *»& n S F 
y 7 hS 2 rtRtf n SStt^iS 3 1 + 'J 7T'fe S 

40 gtCffijS-rSo tit. nSA7-Ffl«l 4%pSg» 

46, *y- FK t Fy 7 2 t©H©*y- FgK% 

/J^ < f 5 C t WT* So * y- FfigW^StvoT/ 
■YXt^ft^. ffif«E5. 3 k V©-9-^yx?©«-&T 
a, ^gti^±A' 9&<0*>mi% 6 mG c m'«Tt 

-rsct^T'tfco 

[0033] <H7*»TO-H1 2tt, *»W©JB7* 

sgp©, s i c%fflt->fc»«8ins-»Myx*©-fey* 
so vh©Kffi@T**s. **sg«aj©'y-'( , yx^«, 



(9) 



#F42 0 0O-2 5 2 4 
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<?-*ZMi p fflT* *. n S!*ffi«EIWPy- F ¥$f* 
WK 3 8 1 n SWft&MEfHW- F 3 5 te«Stifc 
«ttfi#3 3©«*I8*U WpS!77- Ffftt3 l © 

r% pfirv- PtM3 1 ©gftT-$£7y- F&tt 

©, 7 7- F A fc * V- F K KOgJSafc: fi* SfiJ^W* 
£<fc5« **MMTttpS77-F'**3l©*ffla t 
nSSiM£#SES , J®y- F¥#tt8itg 3 5 IC&LTl^ 

860!|©+M X^©it&nSAy- Fffi«3 4 fr£ pS 

f y 7 f* 3 2 ios** y 7©m?# sas^*© 

T% p S F y 7 F M 3 2 * p SffiS^lS 3 3 OS*W* 

< &3*V 1MB©* 3 £77- Ffflftft/jMS < TS 
C t&iJV- FKfc77- FAffl<DfiJii<DfiWteS4-r 

■ffi«3 50B8ll*»i<'"rSCtt*5v t7ffcnSI 
J63i*mE*Jffiiy- FJHMMW3 5tpSFV7Fl 

3 2 fc©&£asfre>£Si#ay- VKMsicitw-oT 

SE%#J§T5©T\ BE*fi&<**. 
[0 0 3 4] **ftfl?li. P SFy7FS3 2tpS 
■gtt««3 3©WPMt££5x 1 0" a tra/c 
m s ^ JP**tn^ni 5 Ojtmfc 1. 2 M.ii>teLTV 

5o **st«©iM y x*©BEay- f g ©se# o 

V<Dfc#, m73(Rjaifje75-lRli:€.l 5 0 0 0 VJU±T'$ 
So Sfc£*±#0«©*V«tt«:x y-F*Etf2. 
5 V<D t€ 3 2 mQ c m 2 tlffilC'bZKi&fctS C t 

&r-%rzo *sutwett, P mmmt : t<om.^i&<x 

*ftftV->5, IttOS i Cftffi©HB£fc:*>A,##, 
g$x©f6^n3®K£ffll/->T^S, *©*£&* VB$K is 

*VSEa;fci:7L«\ 100 A/ cm 2 ©«git3?&T' 
4. 4 VT*$y®«>Tgl/Mlfcfco/co 
[0 0 3 5] <)g8*ttM) Bl 3a, *8HOfll8£ 
8&0IJ©, S i C*H^fc*aSWJKBl*F?:/S>X*© 
-ty* v FOKffiHT**. f?vs>x* 
a, BlOSl *««o««awff «« F 5 V->*7 * t 

<,>S. y-F«2 3tt» pfflO«ffi«EWWy-Fi|£ 
Uttflfttl 6©±fcJBj£LTt'>S. f-©ffi©*j£a£ 1 
^fll©*,©^ DT'&So #*&£#JT'a, V-Xfg 

4 0<Dffiffl^t<-r«C fctfT'f 5©T\ y-Xfltffi 
4 0©^£*gfcffi«^3Cfc#T't?S£^9#ai# 

[0 0 3 6] <§I9S$50!I> 01 4 «, *ISE©SI9£ 

SSM*o. s i c*JB^fc»WB»SF5y5?**©-fey 
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9 ©Jg4 *tt0j|©Mff*& F?:/5>X*<D<fcte»te, 
p 3>©If 3 **&JMtE*llpy- F ¥*#SS8 1 0 n 
Sy-XffitS4 4Rtfy-X*ffi4 2*»ttivs. n 
ffiy-Xffi*4 4©fS«lci4. nBHttMUSflW* 

&tu ^©±»c^tv ; fn©y-F^a4 6^ig^c,tiT 
pm%3 m#>&&m&$ wy- F 1 0 ©HPS 

io tJfTS, nSi§teffi«4 3£?-XMtt4 4**&fcS 

s&fli?a, bse 5.3k vt, *ygm*' ! 6 9 mQ c 

m 2 © F^ Vv'X^^e.nfcio 

[0037] <fgi ommm 01 sa, *mn<o&m 
mmzmmLtcs i ctHtRssF^y-y***:, s i 

cyf*-F*ffl(,>T, tAS^y^-^SI^ML 
fcHfca^BBBn***. efflOMHWfflF^vs?* 
*SW1 K SW12, SW2K SW2 2. SW3 
1 s SW3 2feJ;tfyW*-F*D IK D 1 2, D 2 
20 K D2 2v D3 1, D 3 2lC*!3itSE%=<fiSJitfcS 

jft-r*. ^^y^-^ssa, -»©*ssA*ffi?5 1 

Stf 5 2 , ffifti:Htt£ffiOWmc§L^ 3 <@©3^S)Stffi 

5 l, 5 2(cKSmi[««Rt. »«^*SF7V^7 
^SWl K SW12> SW21, SW22. SW3 
K SW3 25:7-r^^vy»l^-e-SCi:t < tD. It 

6 3icffl7j-r5. mmxtit&?5 1 , 5 2H»ca, it5!i 

*W?ftftMI!»Ib5^>SWl 1 tswi 
30 2, SW2 1tSW22, SW31tSW32 ©#M4S 

y^sassns. #B«iJiS!F9vs?x*swi 1 1 

SW12, SW21tSW22, SW31tSW32© 
tite*»J6 2a©»WI«ffl F9V^*<0««W[fr6 

£«UitfJ«i¥6K 6 2, 6 3*^n^nsst»3tii5n 

^ffl-Ti-C tic* ^¥#i*g^KWEftT'€5©T', 
T t¥S#8B©iI?iJ&tf '>fc < Tf 
tfo $e>c¥Sli*SSa, S»ET-tffi«*T-S,2»o L, 
ftWoTs «BEW y/<-*«BO=iV/<^ Kb, ga 
40 ML ®y^X{t^Mfi£T'f 5o L^ot> wy/t- 
?SB^ffl^fc->XxA<Dffir37F, jBBa*^*!^ 

y*au »»«ftHo«*ffift«iifcaffl"e*sfc©-p 

[0 0 3 8] *5Slti«&fc*<oaffleH*5tMi8R 
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7M2tfn fflORTO^te^^TJfi^fttfx F 'J 7 
Hl2#pl!©f£?©l§£fc:«> ffi©g&©nl!gi«fc 
pSMttlc. P SHi**nffi»»i:B*S*.*ti:fcJ: 

[0 0 3 9] 

[8W©*&S] «±*3aii«f3t'>T»»lc8iraLfti: 
£5fr6W6*»aJ:5fc» *^©«EfflflPS¥*fc« 

BE, fi*V^-«y-fX©«EW^¥»{t*B** 
ST* 8. Sfc, «B«EM»y- hi|Mi(*ill**ifcfc 

[0ffi©H¥*BW?] 

[Hi] *?Si(§©Sg 1 JWH0*ftfiWIF JWI I* 9 >*J 
7£©K®0 2° 

[02] 01 ©II-II8rc§0 

[03] H2©III-IIISrffi0 

[04] Si fl|fi60!l©ffi©0!l©&-&Smf?i&lil h 7 V S? 
X*'©K®H 

[05] *%W©m l"*fiSBI©J£&S*5?a&S h 7 y*J 
7 2 ©8Bfi;6» ©fr¥©Ig*3jVf WE0 

[0 6 ] #fSW©lfr 1 *66t»J©8-&S*J?aMI 
X * 0«fttt£«>*¥028&9'r MSB 

[0 7 ] 2 3«60a©££S!!* > 7 V V 

X£©#rE0 30 

[08] (a) tt4^©g3%tttt©&££*fKMI 

(b) tt (a) ©b-b»fffi0 

[0 9 ] *%w<om 4 "mmoftwmmm vs?* 2 

©BrffiH 

[010] *«MOJi5*it«llO»ttHiah7VS?X 

£©»rffi0 

[01 1] *3BJIO*6*«E«©16^S!«lf«lJR*-fy 
7*©0ff§0 

[012] *«WOJB 73Wt«©»«R»Sa^-f 'J 7* 10 
©Sr®0 

[013] *%w©s 8 mat/mistgsmmbsi * =? > 

S?7*©BfffiB 

[014] *%W©S 9*it«0l«RWS! h 5 V->*7 
£©#fffi0 

[015] *^©¥3W*gS£fflt\fc3t l 0*6Sfll© 

[016] Sf *©S«SB#aSHI h7>-^^ACCU 
F ET©SfS0 

[017] fi!*©»aSS3IS h v v-77 ^ ©Sjffi0 so 
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1 fw>w , . 

2 
3 

4 y-x«« 

5 aa&ii#«EISWpy-h*»««« 

6, 16 tf-h3V*^h4MW*«* 

8 jB2a»a*mE»Jwy-hiNi««« 

9 p^S^E 

10 m 3 a* a*«E*jwy- f 

1 1 7/-F«* 

1 4 *y-K«w 

2 1 FWyfi 

2 2 y-*«s 
23 Y-hmm 

2 4 77- Km® 

2 5 *V-FWB 

3 1 

3 2 FU7H 

3 3 igltlgfcS 

3 4 *y-F«* 

3 5 aftii^sjE»j»y-f^»^« 

3 6, 3 8 y~h3V**h¥S#ffi« 

3 7 «ffi«E*JWy-h 

4 2 y-xes 

4 3 n^£ffiS« 

4 4 y-x«« 

4 6 hmm 

5 K 5 2 ttSSArtflBHF 

6 K 6 2. 6 3 S8SH3*a^? 

SW1 K SW12, SW2K SW22. SW3K 

SW32 ifiiihyy^x^ 

D1KD12, D2KD2 2. D3KD3 2 ^ 

*f*-F 

10 1: 

10 2: KV7H 
10 3: f-+*;WI 
10 4: y-MH» 
10 5: hm^ 
10 6: FWyfi 

107: y-xmffi 

10 8: gft£#iiig 

109. 110: y-nw 
112: n$im® 

1 1 2 A : + 

A: 7/-K 

D : FWV 

G : y- F 

K: ;&y-F 



(12) 



#682 0 0 0- 2 5 2 4 7 5 



[05] [06] [010] 




[01 2] 

[01 1] 

A G 38 
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[017] 



G s; G 




. F£-i>(##) 5F005 AA01 AB01 AB03 AC02 AE01 
AE07 AF01 AH02 CA05 GA01 
5F102 FA01 FA03 FB01 GA01 GA14 
GB04 GC07 GC08 GD04 GJ02 
GJ10 GV05 HA02 HC01 BC07 
HC15 



